Background: URGENT is a comprehensive geriatric assessment (CGA) based nurse-led care model in the emergency department (ED) with geriatric follow-up after ED discharge aiming to prevent unplanned ED readmissions.
Background
The growing group of older adults has become an important subset of emergency department (ED) patients with already 12-24% of ED admissions being persons aged 65 years or over [1] . This evolution results in increasing patient volumes in a system that is already burdened with crowding [2] and yields a qualitative challenge, as well, because older adults are characterized by vulnerability features, such as decreased physiological reserves, presence of geriatric syndromes (e.g. delirium), multimorbidity with polypharmacy and potential atypical disease presentation. In addition, other factors such as pre-existing functional impairment, cognitive decline and social issues hamper disposition planning. It is obvious that managing these patients in a fast-paced environment is challenging [2, 3] . This is reflected in poorer outcomes regarding functional decline, hospitalization and return rates and death in older adults, compared with younger patients [4] . For example, up to one out of four older adults return to the ED within 3 months [4, 5] To improve the outcomes of older ED patients, international guidelines recommend adapting the classic disease-oriented ED approach towards a comprehensive patient-oriented approach [6, 7] . Implementing comprehensive geriatric assessment (CGA) in the ED is promoted in that respect. CGA has been defined "a multidimensional interdisciplinary diagnostic process focused on determining a frail older person's medical, psychosocial and functional capabilities in order to develop a coordinated and integrated plan for treatment and long-term followup" [8] . Although this approach has been proven effective in acute geriatric wards, [9] its effectiveness in ED-based care models remains inconclusive due to inconsistent study results and several methodological issues, such as non-transparent reporting of intervention processes (e.g. fidelity to CGA-based advices) [10] .
To stimulate continuity of care, transitional care models are promoted [6, 7] . These combine ED-based CGA with structured follow-up after ED discharge. 'Unplanned Readmission prevention by Geriatric Emergency Network for Transitional care' (URGENT) is an example of such a transitional care model that was developed and implemented in the ED and region of University Hospitals Leuven in Belgium [11] . This manuscript reports the evaluation of the URGENT care model.
Methods
For detailed information concerning the study setting, care model development and methods, the authors refer to the study protocol that was registered retrospectively with ISRCTN (ISCRCTN91449949) [11] . As mentioned in the protocol paper, the aim of this study is to evaluate the effectiveness of the URGENT care model compared to usual care on the unplanned ED readmission rate, as primary outcome, and secondary outcomes (i.e. ED length of stay (LOS), hospitalization rate, in-hospital LOS, higher level of care, functional decline and post-hospitalization mortality) of community-dwelling, older adults.
Design
A single-center, quasi-experimental before-after study was conducted. This yielded a sequential design with two cohorts, comparing usual ED care in the control cohort (CC) to the URGENT care model in the intervention cohort (IC). Patients were recruited from December 1, 2014 to May 31, 2015 (CC) and from October 15, 2015 to May 31, 2016 (IC) . Between these two cohorts, a 4-month period was used to pilot and implement the URGENT care model. Patient data collection was completed on August 31, 2016 .
Participants
This study targeted Dutch-speaking, community-dwelling ED patients aged 70 years or older. Exclusion criteria were living in a residential care setting, being transferred to the ED from an inpatient ward or another hospital, having a medical condition that makes an interview impossible, being unable to give informed (proxy) consent or being admitted to the ED on Saturday.
Intervention
The URGENT care model was led by a dedicated geriatric emergency nurse that added four consecutive steps to usual ED care. First, older patients at risk for adverse events (i.e. unplanned ED readmission, long ED LOS, hospitalization, long in-hospital LOS, higher level of care, functional decline and post-hospitalization mortality) were identified with two methods; the interRAI ED screener© [12] (iEDS) and clinical judgement. Patients stratified with a high risk (iEDS score 5-6) were offered the subsequent steps of the intervention. Patients stratified with a low risk (iEDS score 1-4) were offered the subsequent steps if someone of the ED staff estimated that the patient might benefit from it (i.e. clinical judgement). Second, the geriatric emergency nurse conducted CGA among patients identified at risk for adverse events. Third, a CGA-based interdisciplinary care plan was tailored to the patient's needs, capacity and preferences. Fourth, geriatric follow-up was provided if necessary. For inpatients, geriatric follow-up was guaranteed on an acute geriatric ward or by the inpatient geriatric consultation team on a non-geriatric ward if considered necessary [13] . For patients identified as at risk and without hospitalization after index ED visit; case manager follow-up by a community nurse or social worker was planned. Case management comprised free-of-charge assistance and support with the implementation of CGA-based advices after ED discharge. In addition, the geriatric emergency nurse was authorized to refer patients autonomously to the geriatric day clinic of University Hospitals Leuven for specialized in-depth assessment (e.g. falls, cognitive problems) and medical evaluation.
Outcome measures
The primary outcome was 90-day unplanned ED readmission. Secondary outcomes were hospitalization rate, ED LOS, in-hospital LOS, higher level of care (i.e. a professionally organized living arrangement that differs from the patient's usual living place in the community), functional decline (i.e. an increase of 2 or more points on the total 6-item Katz activities of daily living (ADL) score [14] ) and post-hospitalization mortality. All post-ED outcomes were measured 30 and 90 days after hospital discharge. Higher level of care was also measured at hospital discharge. Functional decline and higher level of care at 30 and 90 days after hospital discharge were only measured among patients without hospitalization after index ED visit.
Covariates
Following patient characteristics were registered at baseline with semi-structured interview and electronic patient file review: gender, age, living situation, triage priority level (Emergency Severity Index [15] (ESI)), first treating discipline on the ED, ED specific geriatric screening (iEDS [12] ), ADL (6-item KATZ-scale [14] ), fall history [12] , pain perception [12] , weight loss [12] , caregiver burden [12] , dependence in instrumental activities of daily living (IADL), polypharmacy, cognition (Mini-Cog [16] , Confusion Assessment Method [17] (CAM)), screening for depression [18] , comorbidity score (Cumulative Illness Rating Scale [19] (CIRS)) and previous ED visit and hospital stay during the 90 days before index ED visit .
Procedure
Study nurses recruited patients and collected baseline data of all CC patients and of IC patients at low risk for adverse events. In the IC, a geriatric emergency nurse scored the iEDS, discussed clinical judgement with ED staff (e.g. nurse, physician or social worker) and collected baseline data of patients at risk for adverse events. In both cohorts, study nurses performed outcome registration by review of the electronic patient file and by telephone calls. The latter were only performed among patients without hospitalization after index ED visit.
Statistical analyses
Required sample size based on a two-sided test (with α = 0.05 and at least 80% power) was 751 patients per cohort, making a total of 1502 patients. This calculation was based on the assumption of a 12-weeks unplanned ED readmission rate of 27% among hospitalized patients and 23% among non-hospitalized patients, a hospitalization rate of 70% and a 25% relative reduction of readmission rates. All analyses have been performed using SAS software, version 9.4 of the SAS System for Windows. P-values smaller than 0.05 were considered significant. Cause-specific hazard-ratios, relative risk ratios, odds ratios and ratios of geometric means comparing IC with CC were reported when appropriate. In all comparative analyses of outcome measures, propensity scores (applying inverse probability of treatment weighting) were used to handle the potential differences in patient mix between the cohorts [20, 21] . Bonferroni-Holm correction was applied if relevant. For more details, we refer to our protocol paper [11] .
Results

Study samples and patient characteristics
During the recruitment periods, 2900 individuals were screened for eligibility. Of these individuals, 1220 were excluded, resulting in a sample of 794 CC patients (Additional file 1) and a sample of 886 IC patients (Fig. 1 ). There were no deaths during the index ED visit. During hospitalization following index ED stay, 26 CC patients and 29 IC patients died. Inpatient deaths were excluded from outcome analyses, except for following: hospitalization rate, ED LOS and in-hospital LOS. Table 1 describes the characteristics of the CC and IC patients. CC patients had more comorbidities (p < 0.001), got more often a high risk geriatric screening score (p < 0.001) and reported more frequent caregiver burden (p = 0.02), unintended weight loss in the preadmission period (p < 0.001) and increased depression risk (p = 0.001). IC patients had more often difficulties in medication management (p = 0.01), reported more frequent help for finances (p = 0.02) and visited the ED more often in the 90-day preadmission period (p = 0.03).
Patients labelled at risk in the intervention cohort
The iEDS and clinical judgement labelled 404 IC patients at risk (i.e. 45.6%) (Fig. 2) . Two-fifth of these patients (39.1%) were hospitalized on a non-geriatric ward of which more than half (n = 89/158; 56.3%) had followup by the inpatient geriatric consultation team. One out of four (n = 109/404: 27.0%) at risk patients were not hospitalized after the index ED visit. Follow-up by the case manager or the geriatric day hospital was organized for 30 (27.5%) and 13 (11.9%) patients, respectively.
All at risk patients (n = 404) had a report of the CGAbased interdisciplinary care plan in the electronic patient record. The geriatric emergency nurse formulated a total of 2772 advices and referrals for at risk patients. On average an at risk patient received seven advices and referrals. Overall, 72.1% of these advices and referrals were adopted completely. The number and adherence of advices and referrals varied from setting to setting: 810 advices and referrals with a complete follow-up of 86.1% concentrated on the index ED stay, 1560 advices and referrals with a complete follow-up of 74.6% focused on the hospitalization following index ED stay and 402 advices and referrals with complete follow-up of 34.1% targeted the post-discharge period. Adherence of postdischarge advices and referrals could not be checked in 23.4% (n = 94/402). Table 2 describes the five most reported advices and referrals per setting.
Unplanned ED readmission (Table 3) Incidences of unplanned ED readmission in the CC versus IC were 12.1% versus 13.1% at 30 days post-discharge (p = 0.28) and 22.1% versus 23.9% at 90 days post-discharge (p = 0.11), respectively. Median time to unplanned ED readmission within 90 days post-discharge was 25.1 days in the CC (minimum-maximum: 0.3-88.3 days) and 27.6 days in the IC (minimum-maximum: 0.2-88.0 days) (p = 0.66).
Hospitalization and ED LOS (Table 3)
Patients in the IC were more frequently hospitalized compared to CC patients (70.0% versus 67.0%, respectively; p = 0.003; significant after Bonferroni-Holm correction). The median ED LOS was 19.1 and 12.7 h in the CC and IC, respectively (p < .001; significant after BonferroniHolm correction). Median length of inhospital stay was 8.7 days in the CC and 8.6 days in the IC (p = 0.15).
Higher level of care, functional decline and posthospitalization mortality (Table 3) Incidence of higher level of care was comparable for both cohorts at all follow-up measurements: approximately 14% at hospital discharge and approximately 7% at both 30 and 90 days. No differences were demonstrated for functional decline between the IC and CC; 25.9% versus 21.7% at 30 days post-discharge (p = 0.04; not significant after Bonferroni-Holm correction) and 26.6% versus 21.5% at 90 days post-discharge (p = 0.02; not statistically Fig. 1 Overview of the study sample significant result after Bonferroni-Holm correction). Ninety days after hospital discharge, 49 (6.4%) and 48 (5.6%) patients had died in the CC and IC, respectively (p = 0.73).
Discussion
The aim of this study was to evaluate the effectiveness of the URGENT care model that combined CGA-based, interdisciplinary care planning on the ED with geriatric follow-up after ED discharge. Although the current study did not confirm effects of a transitional ED care model on post-discharge outcomes -including the primary outcome; 90-day unplanned ED readmission rate-, IC patients had shorter ED LOS and a higher hospitalization rate.
Previous studies scrutinizing geriatric emergency interventions reported inconsistent effects on unplanned ED readmission rate. Although some were successful, [22] [23] [24] other reported no significant reduction in ED readmissions [25] [26] [27] . However, comparing existing studies was difficult, since methodological issues (e.g. overall poor study quality and heterogeneity in the targeted populations, intervention strategies and outcomes) limit the evidence base [10] . We hypothesize that the absence of effect on unplanned ED readmission rate (and all other post-discharge outcomes) in the current study is P-value: comparison of variable between control and intervention cohort, using Mann-Whitney U or Chi 2 tests *statistical significant with alpha = 0,05, ED emergency department, ESI Emergency Severity Index, ADL Activities of Daily Living; Q2 = median; Q1-Q3 = interquartile range; iEDS = interRAI Emergency Department Screener© mainly due to low patient acceptance of case management follow-up and low patient adherence to advices in community care. But, off course, many other factors (e.g. social status, cognitive impairment, severity of illness, access to alternative services, missed diagnosis, …) potentially contributed to unplanned readmissions [28] . Although these factors should be attributable to four common themes (i.e. patient, illness, system/ organization and clinician), [28] previous studies' inconsistencies in readmission predictors and limited accuracy of readmission prediction models indicate that the odds of preventing unplanned readmissions in a reliable and efficient way might be small. [29, 30] . Nonetheless, preventing unplanned readmissions should stay a clinical and research objective, because of its importance on macro-, meso-and microlevels. In addition, particularly, early readmissions (i.e. up to 30 days after ED discharge) deserve special attention, as these can be an important determinant of adverse outcomes (e.g. functional decline and mortality) [29] .
An important finding of the current study is the reduced ED LOS. Median ED LOS was 6.4 h (− 33.5%) shorter among IC patients, which is clinically relevant for the following two reasons. First, the ED is a hazardous environment for geriatric patients. Shorter ED LOS will prevent ED-stay related adverse events (e.g. pressure ulcer, delirium, falls). Second, it might also improve patient flows through the ED and reduce crowding, which is a high-ranked priority within emergency medicine [31] . Until now, CGA-based interventions in the ED have rarely evaluated its effect on ED LOS [26, 32, 33] . This study shows that despite the CGA by the geriatric emergency nurse followed by interdisciplinary care planning during the ED visit, the total ED LOS was not prolonged as one might assume. On the contrary, it even was reduced substantially.
The increased hospitalization rate among IC patients is another finding that needs further explanation. Especially because this contrasts with previous studies reporting lower hospitalization rates or hospitalization avoidance as main result [23, 26, 27, 34] . The increased hospitalization rate was interpreted as appropriate and necessary, since the assessment for URGENT patients was considered more comprehensive compared to usual care. Indeed, the decision to hospitalize was an interdisciplinary process in which the attending ED physician (and not the geriatric emergency nurse) had the final responsibility. Although comprehensive qualitative research methods were not part of the current study, the study notes that the involved care teams believe that hospitalization avoidance was achieved in several patients as well. The hypothesis that arose from this impression is that the intervention had most likely an impact on the decision-making process of the ED team when carefully balancing the arguments for hospitalization against its alternatives. Unfortunately there were insufficient data available to explore the context and appropriateness of disposition decisions.
Essential to highlight is the need for detailed care process registration in the evaluation of a complex intervention, such as the URGENT care model. Process registration did not only describe how clinical practice was changed. It also explained why intervention effects were present or not. More specifically, the high adherence rate to advices and referrals formulated by the geriatric emergency nurse to be delivered during ED stay (i.e. 86%) explains why outcomes with a direct link to the ED stay (i.e. ED LOS and hospitalization rate) changed significantly, while the opposite occurred in the post-discharge setting (i.e. no impact on post-discharge outcomes due to low patient acceptance of case manager follow-up and low patient adherence to advices in community care (i.e. 34%)). However, despite the process registration in the current study, some results remain difficult to explain. For example, IC patients without hospitalization after index ED visit experienced more functional decline at 30 and 90 days post-discharge. A possible explanation for this result might be the differences in baseline characteristics between the cohorts despite the use of a propensity model. This study had other limitations which need to be discussed. First, accuracy of the risk stratification component within the intervention was disputable, since the iEDS was a relatively new instrument at the moment of the study, warranting further validation. Its advantage in comparison to classic screening tools was that it allows to target predefined patient strata. Second, selection bias cannot be excluded, since not all patients were included consecutively due to the unpredictable patient flow which is typical for the ED department. In addition, it was difficult to obtain written informed consent among patients with severe cognitive problems. For example, delirium incidence was 3.5 and 4.3% among CC patients and IC patients, respectively, while other ED-based studies reported delirium incidence of approximately 10%. [35, 36] Third, the ED of University Hospitals Leuven moved during the timeframe between both inclusion periods to a new infrastructure. Although the care principles and organization model remained unchanged, this might have influenced the results. Fourth, not every unplanned ED readmission was preventable, while it is obvious that a geriatric care model such as URGENT targets preventable events. However, these could not be documented, because there is no consensus on what is preventable [37] [38] [39] [40] [41] Five, it was not possible to conduct subgroup analysis of patients considered at risk for adverse events, since clinical judgement could not be ED emergency department measured in CC patients. Six, future studies can strengthen the evidence base by focusing more on implementation outcomes [42] (e.g. acceptability, fidelity, penetration, costs) and patient/provider reported outcomes (e.g. patient, family and ED staff satisfaction). Seven, as the URGENT care model provided a variety of interventions for two patient groups (i.e. admitted and discharged patients), dilution of intervention effect cannot be excluded. However, subgroup analyses of intervention effect among admitted and discharged patients did not differ from main analyses (data not shown).
The URGENT care model is most transferable to EDs with embedded observation unit or settings that also have the possibility of providing a period of time (i.e. generally up to 24 h or longer) to complete diagnostic tests and initial therapeutic interventions (e.g. assessment units or short-stay units in countries with limited (e.g. 4 h) ED LOS) [43, 44] .
Conclusions
The nurse-led URGENT care model for community-dwelling older patients that comprised CGA-based interdisciplinary care planning on the ED with geriatric follow-up after ED discharge did not reduce unplanned ED readmission rate at 30 or 90 days post-discharge. The most important clinically relevant finding is a substantial decrease of the ED LOS. In addition, the hospitalization rate increased, as well. Although this study implicates that geriatric emergency care models have the potential to improve ED management of older patients, their wide-scale implementation cannot be fully endorsed due to inconsistency of study results. Further research should explore these variations thoroughly. Weighted analysis: result of comparison after application of inverse probability of treatment weighting
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